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(54)TitIe: COMPOUNDS HAVING ENERGY TRANSFER FUNCTION AND METHOD FOR DNA BASE SEQUENCING BV 
USING THE SAME 



(57) Abstract 

Compounds having two reporters capable of serving as a donor and an acceptor in energy transfer, for example, a fluorescent group 
together with a 2',3'-deox^bonucleotidc residue or a 3'-deoxyribonucleoiide residue. These compounds can serve as a terminator in the 
chain terminator method. These two reporters are located at a sufficient interval for inducing energy transfer. A method for DNA base 
sequencing by the chain terminator method wherein the chain termination reaction is effected with the use of the above terminators. 
Compounds having two reporters capable of serving as a donor and an acceptor in energy transfer and being usable as primers or initiators in 
a method for DNA base sequencing with the use of the chain terminator method and a method for DNA base sequencing with the use of 
these compounds. 
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m<D-m^ (1) 3' -x3h^exy;K>?^ V;i-f=-K^S^^-rs{b'&4^ 

^ffl V ^ -5o /J< i; 7 -if ir LT R N A 4^ y pi 7 -if ^fflv ^ ^ Jg£0d^iJi^^:^feli. 

*^p>^<75i$'-^^^-:5'-tfc^i^l:^i^^fflv^5e^^ti, p^xtf. wo96/i4434 

^^trDNA^>T-<^#ffiTv ATP, GTP. CT PRUUT PX\t^f\^h(Dm^M 
T, *^P^(7)^-^^--i5'-7!)^e)iStftu5 3' dATP. 3' dGTP, 3' dCTP. 3' dUTP 

St yh^m(0^\i^^^m\^fz^WMif- -if ffeS r t t>r-§ mmtfj:^ 

DNAm)i\at. RNA^y 7^ 7— ^^COfci^c^y^n^-^-ia^iJSr^tpr t 
ftilPgli/c^V^ y^n^-.i5'-E^iJ^^tpDNAl»f;t;Si5^y;^v-ifii«Rl£ 
(PCRifc) (::J:^)iS«Ht/i:DNA^R£ife|-efoSwi:;O^T#Sc ^bi-^ IttlLfc 
DNAitfi£fe;5^e>. PCR£^cfflo>/c7*7-^•r-S:WX^i 2*x:^:3f-i.y,ifp?>7u 
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*SP>qcr)|g 3 <7) D N A (7)ffiSE?iJifc^^?feJi. yy^-^-m^^^DNA coifiSE 
^iJS:ft^t'5:&aT'fooT. Q;d5;f y =f^i5^ U:t^h7SST'&5-^S: (1) T'^ 

*lli3gc7:)S3(7):&fem. :7'^>Y-r-t tT±t£^b^4^^fflv^6Jii.^ll. dna.K 

LTii. mx.it. W095/21266, 10-88124 -§-{Cf^7f> $tV7t;^?£^ffJffl-r5 r 

fi^/^L< tii;^:7^;^:7ai- hm^^i'^'^/tfz\t:tV K^S. 
-r^^y*/^li;ry U';^-^K?^^Tfe^-IS^ (1) Tig^tt5*^P>g(^{b 

z(D:^m\t^ x^Mrt^mm. RNA/j^y-7«^-^^s.u^ft«iaRNA^"y;^7— ^ 
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<Dtz}^(D:fa^-'$f-imi:'atJ^DNAm)i(DW^Ts ATP, GTP, CTPR 
mttWCS' dATP. 3' dGTP. 3' daP. 3* dm? RX)^^flb<Dm^i^:^^b^J:^ 

T3' dNTP mmv^t\i^o)i:Km^'tx^mm^^f$.^i:m. nhti^mm^^^^ 

iiiBLum^. m^^^mmim-r^ :i t:^^^x^ mx.it. wo96/ 14434 

wtJ^^, Mti^iv^c «^'lx.«. Tn^-^-ffi^ijS:^tpDNAifK-;^>5PCRfe{;i 

^^m^LtzDNA^js.mxh^-tf)^x^^o mi%LtiDi^A±fS.m^ 

yi^7.yz^- hSWXft-?:0!ga»f^4rr^i1-5 r t ?i Lt;i. i^wm^M^^^-^ 

K-ji. 'fxl^-^-mmhm^n%(oli'^Awy^h'ky4V-i^^v\^fzf^^^ 
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1 0-5 0 n g<oyy ^ -^^DNA^lfil P g<^^ t3-i^$HyhDNA, 10 
nM(0^:/'y-('^—, 2 0 0 mM<3C>#2' x:^=^i/y K5' h U :7 

(dATP. dGTP. dCTP, dTTP) i:^tj^2 0 ^ 1 ^» 

fit, PCR?i<;>/ci^)Oy7'f -^-^0^/^i*i^;6^-:6^3?.i^ii*I 

ti^ P CRifiKWi-?:co7^n^-^$^-{cJ: RNAn^V/ ^— If Srfflv^5 in 

vitro m^\zHir:::b^^^x^ 

RNA/Ky p« 7— if<Ofci6(^>^n^"-:^-ia^J|i, RN A;J< y / CO 

4 <^):&}i TliT^D ^ -ia^iJSr^tr DNA tWK*;?)^ b R N Al?o^¥fe 
^^^i-5o DNA tlfr>tJi. RNA.1<y 7«7-if(0/tie)COrp^-:^-gd^y«:^ti'(^ 
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T. ATP, GTP. CTPmj^\JTY'X\t:Lir^h<omMW^i^^h^l^V^-y^^ 
v-KS' hy7;f;^73i-h (NTP) «36t;«{c: 1 3 ' dNTPi^^<*^S 
iC^ifr^o j^. 3' d NTP!g>»(^s:|l, *P;3J0l^(CioV^T{t. 3' dATP. 3' 
dGTP, 3* dCTPs 3' d\JT'PRX^:iiXh<r>mM^<^W^^t\^Xm^^^o 

y /t^^^ u^i/ K5' V')y^7.y::u-v (ntp) SirLXii. ^co-a^^i'^N 

$5¥4^i^r'fe5RNAXIi1^|gC0 3' 3' dnTPmMPft^^'o 

iZi*iX'5ri:i:iJ:*?. 3' t :Jrt/S;5^^j^^L. RN AXHt^i$co^fiSc;^5piS^ 

^nSo 3' *ffi?553' dNTP!§«f$Tfo^fi'«r60ftS<7:>RNAX 

mmm)im%hf\.ho ^&<r>^fi^Amm(Dz' 6UT?mmm^^^^x^ ^ 

r n ^f^t: 4 ii 19 r i t\ rn AXJiKiiSfi^iJcoi^r^icifflv^^ r <ir /i^^T* 

#5 [Vladimir D. Axelred er al. (1985) Biochemistry Vol. 24, 5716-5723 )p 

m(0^' dNTP^2gft:^ffll>T4lH]*^®ge¥g:iS^?Tl<\ 3' 3 ' dN 

T PISJgflJCO^S^T)^/^ 5 4 S ^) (^$5i:4^ife)^#5o 1 lHl<3:)t^®fte^S/CT. 
3' *ffi(^)3' dNTP|g^«ffil^— e, ^^■l:(7)S?i5ffl>«r(DRNAXIitJC®^ 
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^^m(D^ 4 (o^fe-cffl V ^ -5 R N A y p« 5 if fi, mm rna^^v ?^y—^ 

& V^SS R^ATi^V ;^y-'^<0\^ ^TixT t ft \ R N A ^ U ^ — ^ t^oi >T ti. 
LTif ibixS cOiS ^ (i/^'-:^ /VCD 5^1^) (7) /j^ $ < LT 

tfn.i;>^/^a y dna #^St-J:oT^i:5t'n y ^/ggj^^^^iiia-rsc^ciJ: 

t^-f-So ^«^*S*> fc:*n.i^;7.?r.D y DNA y 7« v-if ^fflv^fc 

tr. Slab' p :7;i- ;^ 7 7 ^ -if ^ DNA y p< 7 -if Srffli/ ^ ai 
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'y^ -^tt^i^b IjNORGANIC pyrophosphatase t LT. y >:5V-I±;^)^^b t^'o 7 

I*, te^ t° D 7 ;f ;^ 7 7 --if SIJ^ R N A ;K U p« 7 -if (7)^ttcofii^ i^i t J: 5 
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Boc: t -y^^/^:^^v';<7/Wif^7US 
Lys : y e^^^ 
P r o : T'n y 

1 FAM- (Pro) 8-Lys ( £ TMR) 
(1) FAM-(Pro)8-Lys0^j^t 
aFmoc-£Boc-Lys-Alko8tfl& (lO0~200mesh. SgiZHb^Xlg (t*) ttK) 5.0g (a 
Fmoc- f Boc-Lys t LX 2. 4mniol) LT. XSfc (-<:7^x K^^tT^SSI 

USaiS) P2i8) Eft<o:^fet^i*oT. I11ifelcJ:«9^fiS:Lfco 

fiH^. 5fe-f. aFmoc-£ Boc-Lys-Alko l^ffiSr y v=:^i-«i: ^ tT Fmoc 
I^^LfCo Wfli±<7>Lys«c:»LT3^^1:(7?Fmoc-Pro (fP)tiWSIXll («) 

ttif) ^^tf l-^^/l^2-l:'ny K>^^?{^. 3fg^i:OH0Bt. :Rt/3 fg^ftO N.N' 
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TWi. *afliSrMeOHi*r*L. 5o%l?h--:y^ / ^ytr=:^y-/\^ (Iml) 100ml 

■rv/^-:?^--C«;j»$^±. FAM-(Pro)8-Lys 2.2g^t§fCo 

( 2 ) FAM- (Pro) 8-Ly s ( e TMR) (^^fiSc 

"t^Ml- (1) T^fiScLfc FAM-(Pro)8-Lys 500mg ^ DMFlml WMtL. 3fg 
MJ3i^/^T^>ir 2,5 {g^So 5-;^7/i';jt>v^xb^y^>'^D-i$^ 5:^^=3 

^•^fco R^SJ^Tfg, SJS^K^^i^l«Stt#^i^fc?^S4r^/^«ii;^7i^ (-try' 

r7='^:^LH20, yr/^^i^rttm) ^ffiV^T^#i^ L.FAM-(Pro)8-Lys( £ TMR) 420mg 

-g^^i^ij 2 FAM- (Pro) 8-Ly s ( £ XR) <D^^ 
^^flajl - (1) xntz FAM-(Pro)8-Lys oOQwg t 2,oB^&<D 5-;^7/W7f'=¥ix- 

1- (2) mC^m^^^\ mm(Omf^n^X. FAM-(Pro)8-Lys(£XR) 380mg 

^fS.m 3 FAM- (Pro) 8-Lys ( £ R6G) 
^fS.M 1 - (1 ) Xntc FAM-(Pro)8-Lys BOOmg t 2.o i^'^McD 5-;^/U7K:3f ^>n 

- (2) t|KlDI^^§rfflV>. |s11i<^)Hk{^§rfToT. FAM-(Pro)8-Lys( e R6G) 400mg 
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-t^m 4 FAiM-(Pro)8-Lys( £ RllO) <D^^ 

^^fi^Jl- (1) Xltfc FAM-(Pro)8-Lys oOOmg t 3. 5 fg^SCQ S-;^?;^^^^ v-n 

i¥i:froX. FAM-(Pro)8-Lys(€R110) 300mg ^^fCc 
5 FAM- (Pro) 10-Ly s ( £ TMR) <D^^ 

(1) FAM-(Pro) 10-Ly s 60^^ 

aFmoc-f Boc-Lys-AlkojstHi (l00'-200mesh. ?l)22ib^Xll (1*) ttffi o.Og (a 
Fmoc- f Boc-Lys t LX 2. 4mnioI) *tiillJ^*4i: LT. 1 t l^ltiO^i^^fir 

H-ProlO- Lys(Boc)-Alko m^^'^fS.LtzmM 6,8g)o liiitmflg Ig t->PtL. 5- 

^/Uyi<:5ri^:7/U;^U:yir-<:^ (o.6g). N-t Kn^ 

^/Sl*-T^. mfli^r DMF^I/MeOH T-i5t?^L. 95%TFA-r ^ y-/U?l?S (8ml) ^r^JP 

x.T^jaTi 0$p^iftS5Rf£$-ti:T. @ fftco FAM sia^K y v^mmti^bmm^ 

tm^'^tZo ttWi^m^. y'i^^-^-X^m^'^s FAM-(Pro)10-Lys (0.63g)$r 

( 2 ) FAM-(Pro) 10-Lys ( f TMR) 

-t^M 5- ( 1 ) T*^^L/Ji FAM- (Pro) 10-Lys (13. 7mg) ^ DMF(lml) ic:^g?L^ 
hym^/UT^ V(20|xl)t e-J^/W^J^'^i/r h7^^/^D-:/^>'='>'^:^K>< ^ K 
:i::;^7^/l- (^ 7->^n-:/g:§;!) (4. 88mg) feAPx.. ^^^T 1 9 B#Fp1Sit>^ 
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^y^L H20, yr^^-^i^r^tm) ^ffl^/^TfSli L. FAM-(Pro) 10-Lys( i TMR) (10. 9mg) 

6 FAM- (Pro) 10-Lys ( £ XR) (D^f& 
^^ms- (1) -Cftfc FAM- (Pro) 10-Lys (9. 63mg) ^ DNF(lml) lc:'^fi?L, h ]) =^ 

U^3.7-:?'n-:/|±S{) (3.78mg)t^^fi5t«^'l 5- (2) t [5]ti(;)jg{'p$:tf oTffi 
-a^L. ISMLT, FAM- (Pro) 10-Lys (fXR) (6. 53mg) 4:^#/Cc. 

^^^1] 7 FAM- (Pro) lO-Ly s ( £ R6G) £D^^ 
^f&m 5- ( 1 ) T'ttfc FAM-(Pro) 10-Lys (3. 18mg) DMF(0. 5ml) {^mmt. h ]) 
:3i5^yur ^ v(l0;zl)i: 6-;^;/^'4^^i/'^-^^:/6G='v'^;5^Sg>f 5: K^x^x/w (^ 
Udra.7-r"n-:/tt8!!) (l.lling)i:^^fi5cP«J 5- (2) t [^^(T^fi^tSrfToTJi 
^ L . mmLX. FAM- (Pro) 10-Lys ( f R6G) (2. 66mg) ^iWt^o 
^f$.0i 8 FAM- (Pro) 10-Lys ( £ Rl 10) O^fig 

-g^^l^'J 5- (1) FAM- (Pro) 10-Lys (o.OOmg) ^ DMF(0. 5ml) L> K 

«jzii^;ur ^XiomD^ 5-;^;u7K^i^o-!5^:^^^ no }i*y^-h]}y^^:ttiT±f- 

-h:2/N^g^^^ K3:;^X>'^ (^U:3e;x^-7'D-y^'ttSJ) (2. 07mg) <i: Sr-g-^eiJ 5 
-(2)^|s]^(^jtf^SrfToTi(®'&L.»SJtT.FAM-(Pro)10-Lys(f RllO) (3.00mg) 

9 FAM- (Pro) 12-Ly s ( £ TMR) <0^^ 
(1) FAAl-(Pro)l2-LysCO^fi)c 
aFmoc-£Boc-Lys-Alkom«g (l00-200mesh, jSiZlfk^X^ (tt) thM) 5. Og (a 
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Fmoc- £ Boc-Lys tLX 2. 4mmol) ^l^^^WMtLX. 1 tWimcD^firfr 

V^ H-Prol2- Lys(Boc)-Alko mm^-^^Ltzmm 7.2g)o Ifc^tttflg Ig l^^t. 5- 

i/n/N^g^^^ K(0.27g)ioJ:l>'v^^ yT'o tVW;^;/l-/3t'v^-l' ^ K(330m 1) ^ 

5iS3S*T&. itt^g^ DMFfi:i>\MeOH -eiftr^L, 9o%T?A-r=^y-^i-m& (8ml) ^;^in 

ttm^'^tZo ttm^Mi^s riy^-^-Xn^^"^. FAM-(Pro)l2-Lys (0. 58g) ^ 
( 2 ) FAM- (Pro) 12-Lys ( £ TMR) <D^^ 

#J*e»j9- (1) T-g^fiKL^c FAM- (Pro) 12-Lys (14. 7tng) 4: DMF( 1ml )!::?§«? 

^:^y'/i' (^udr^y— T'cz— :/y:li) (4. 17mg) SriPXs ^ra-Cl SBtfflSlS^it 

^7^'LYm.yy)\^'^ i/T \m) 1/ ^T3|tS! L . FAM- (Pro) 12-Lys ( £ TMR) (7. 6mg) 

10 FAM- (Pro) 12-Lys ( £ XR) <0^^ 
"tmA 9- ( 1 ) X'mz FAM-(Pro) 12-Lys (3. 76mg) & DMF(0. 5ml) \zM^ L. 

^^/i-r ^::/(lO/zl)i: 6-:357/W3}f^^/-X-D-^^:^z2/N:J^K^ ^ K^;^r/^(^ 

uae^7-~rn-ytl:S!}) (1.33mg)i^^fiic<^'J 9- (2) t HiliCDjtft^tf oTiS 
^ L . jfUJ LT . FAM- (Pro) 12-Lys ( £ XR) (6. 53mg) .Sr^tfCc 
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^0.m 11 FAM-(Pro) 12-Lys( i KeG)(D^^ 
-^^m 9- ( 1 ) FAM-(Pro) 12-Lys (3. I8mg) DMF(0. 5ml) {zMi H V 

u^:^y-^u-:fim) (i.iimg)i:&^fiX0ij 9" (2) tmmmi^^rf^xm 

^ L . JfS Si LT . FAM- (Pro) 12-Lys ( £ R6G) (2. 75rag) ^ll^tio 

12 FAM- (Pro) 12-Lys ( £ R110)(7)^^ 
^^fifiJ 9- (1) Tftfc FAM-(Pro) 12-Lys (5.00mg) ^ DNF(0. 5ml) Cll^ft? h 

ijai^/^r ^ ^-do/iDt 5-;^/U7j^>v'D-y^::^ 110 t^:^-hvy^^:t^r±'r 

-h^y^^^^^ K^y^X/U (^varzr7-:7'n-y?±K) (0. 86mg) i ^^^0iJ 9 
- (2) t |Wl«(7:)jS{t^tToX*i^L.mi^LT. FAM- (Pro) 12-Lys ( f Rl 10) (i. 2mg) 

^i^m 13 FAM- (Pro) 4-Lys ( £ TMR) (D^^ 
(1) FAM- (Pro) 4-Lys (O^fiK 

aFmoc-£ Boc-Lys-Alkolttflg (I00~200mesh, zgmib^XH (t*) ttS^) 5. Og (a 
Frnoc- £ Boc-Lys tLX 2.4mmoI) ^ffi^l^J^ft tT. -g-J^fi^'J 1 t I^tl^O^i^^tT 

H-Pro4-Lys(Boc)-Alko ttt^g^-a-jTjc L7t (^#l: 5. 4g)o m^mB 400mg (ClML 5- 

^ K(72g):J^J;t/i/'< yT'a t:VU;^;/^7j<i;i^>r ^ (90 fil) ^^mMLfc 
DMF, MeOH Ti5ferf-L. 95%TFA-r:=^y-/^?lJS(8ra)?:Aq;tT^?a-e 1 B^FpltS 
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xt^4r-^-T*8;;S^?it. FAM-(Pro)4-Lys(66.8mg)*^#/Co 
(2) FAM- (Pro) 4-Ly s ( £ TMR) (D^^ 
(1) "C^^tfc FAM-(Pro)4-Lys(10mg)^ DMF(lml)lC^«?L. hV^^^^^Ti. 

^zi-y -:/ttS{) (5. 28mg) ^M^. ^J^T' 1 9 B^PbIRIE ^"ttio RfS^^T 

r/U-^^^rttm) S:fflV^r^§S^L, FAM-(Pro)4-Lys(£TMR)(9.8mg)4:#fCo 
-g^lSt^i] 14 FAM- (Pro) 6-Lys ( f TMR) (D^^^i 

(1) FAM-(Pro) 6-Lys O^fig 

aFmoc-£Boc-Lys-Alkom/l& (l00-'200mesh, Sm^b^XH (tif^) f±®i) 5. Og (a 
Fmoc- £ Boc-Lys t LT 2.4mmol) ^tl5W>*4<i: LT. 1 i: I^t^^^^f^^fT 

V> H-Pro4-Lys(Boc)-Alko tSflgSr'&RSLf:! mm 5. 8g)o 218mg iC^lt L 5- 

;Jt7;i-/i^':^ri/y^y^:ti^:yir^>'(^v^^7--Tn-:7'tt^^ N-t Kd:^v- 

=l^^;5'^8>f ^ K(73.7ing)*3j:U«i^-< y:/ni:VP;«;/i'.i<v?>r ^ K(90/z l)<t iQi^KL 

TfS. ^SflgSr DMF. MeOH T-ffiJ^L, 95%TFA-rr^y-/U?i;?g(8m)^^PX.r^ri.-C 1 

itWi^M^. 'fiy^-'^-X-^m^-^. FAM- (Pro) 6-Lys (20. 6mg)^^#/io 

(2) FAM- (Pro) 6-Lys ( £ TMR) (D^^ 

(1) -C-g-fiStLfc FAM- (Pro) 6-Lys (12mg)?r DMF (1ml) i^^tfi?L. hV=r-^^^r^ 
y(20Ml)t 6-;^y^.i->^i/xh7P«^/^o-:$''^V3yN^g^>r 5: K^;^7'/^ (^i^ 
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7 fV-r v^T ttSJ) Srffl V »S! L . FAM- (Pro) 6-Ly s ( £ TMR) (9. 29mg) 4:#fCo 
#%^«] 1 Ac- (Pro) lO~Lys ( £ TMR) cO-g-^ 

(1) Ac-(Pro)10-Lys(7?^fiS: 

^fi)t^fJ5-(l)T#ycH-ProlO-Lys(Boc)-Alko<lt^i(l. og) ^DMF(35ml) |10?H$ii:> 
^^T®:. m^g^ DMF^TJ^MeOHTa^L. 95%TFA-T^ V-zWlffi (8ml) ?rAPxT 

iirfco x-V^-^-X'Sj^^-tir. Ac-(Pro)10-Lys (0. 45g) ^#yto 

( 2 ) Ac- (Pro) 10-Ly s ( £ TMR) <r>^^ 

#%M 1- (1) T'&^L/h Ac-(Pro)10-Lys (U.Smg)^ DMF(lml) 
h y^i^/UT^: >'(20Ml)i: 6-;«7/u4?^£/T-f7 7«^/^n— :/^:/=«/N:;^®^-Y^ K 
jcT^x/l- (^l/:^^7->^n-:/a:i;i) (5. 7mg) ^r^T 1 9 B^RgS/'S^-^^r 

^>^LH20. y-Ti'^'^'yT'^^m ^ffll^TmS!i L. Ac-(Pro)10-Lys(f TMR) (6. Omg) 

2 Ac-(Pro) 10-Lys ( 6 XR) (D^^ 
##01] 1- (1 ) T*#fc Ac-(Pro) 10-Lys (lOrag) ^ DNF(lml) tC?§«? I- U 
;ur ^ v(20/il)ir 6-;^7;W/J^>v'-X-n-^^ ^'zn/N:^^^^ ^ K^;^x/W (^u 
^^7-:/n-yt±S) (6.5ing) t&#%^»J 1- (2) l^li^J^l^SrtTo Tji^ 
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*SS8UT. Ac-(Pro)10-Lys(f XR) (4, 2nig) 5:^§fCa 
#%0^'J 3 Ac- (Pro) 10-Lys ( £ R6G) <D^^ 

1- ( 1 ) -eftfc Ac-(Pro) lO-Lys (lOmg) Sr DMF(ltnl) {^i^«¥ 

a,y-yu-:f^m) (5.3mg)i:^##t^'ll- (2) t (^^(^ISf'^^tTorffi^ L. 

»M tr . Ac- (Pro) 10-Lys( f R6G) . (2. 66nig) ^mtZo 
4 Ac- (Pro) 10-Lys ( £ Rl 10) <D^^ 

#%fi^«l I- ( 1 ) X*mz AC- (Pro) 10-Lys (10. 4mg) ^ DMF(lml) djg^? t. >!J 

f-zvr ^>'(20/i 1) t ^-i^JVif.^Un-'^^l^ 110 t'>^-Ny y^/u^d-DTirT*-- h 
^i/Ni^'K^^ K^;^'r/^(^l-'^^7-^n-yttSJ) (8.3ing)^^##«?'l 1- (2) 
^I^^(7)j^f^^tTo"Cffi^L. ffiiSLT. Ac-(Pro) 10-Lys (£ Rl 10) (4.8mg)?r» 

^i^P'j 1 

T'ny^^SS 10 (O{l:^4^(7):Ji^/W=^-K^fe9K[FAM-(Pro)10--Lys(f TMR)i FAM- 
(Pro) 10-Lys ( £ XR) . FAM- (Pro) 10-Lys ( £ R6G) . FAM- (Pro) 10-Lys ( £ Rl 10) ] t ¥ 
— felg[Ac-(Pro) 10-Lys ( £ TMR) . Ac- (Pro) 10-Lys ( £ XR) . Ac- (Pro) 10-Lys ( £ R6G) . 
Ac-(Pro)10-Lys(£ R110)](D 40mM h ;=^-igg^|g»r^S (pH8. 0) ^ $ 

^^mmm^^tL F-4010 W^%^%$:^t\^^^^Xmn.^& 488nm T^Slje « 
%^^\t^f\>^t^. TMR(580nm). XR(610nm). R6G(560nm), R110(530nm) tC j: 
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FAM nwR-Sffi 3* u V? - h y h (fam. tmr-sss 

3* -dUTP) 0) (D^^ 

^^gij 1 "C?§yS: FANh(Pro)8-Lys(£TMR)(54. lmg)(^DMF (iml) 

ggT N, N'-v^;^^ W ^ v^/^;^7-/1^"^>- h (8. 2mz)RXJ A-i/;^ =r)^r ^j\^^)'J 
V (3. 9mg) ?rJ* ;t ^?a-C 2 ^PmI^^S S -^irfco RfS^JiJ ^ 5- (6-'-r ^ y -r---^ 

^/W)-3' -7=>:aev/i7 y v?V-5'- M) ;^;<.:7 3i— h (SMmol) ^^tfOMF-* 

E A E- h 3 7 A iJ' n N 7 >^ ^ - (1. 7X15cin ; IgfflSS : 40% 

Tir h n h y /i-^^i^©^*^ h y ^^v'wr v^^i^-^MiinS ( P H7. 5) 0. lM-0. 7M 

FAMRtj^xR-tisffia' -x^:¥^>e^^^^>'-5'-hy ;^^;^:7:t:-^ (fam. XR-tls$3' 

-dCTP) ({b-a^*^ 1 1 ) 

'&^0«j2X-#fc FAM-(Pro)8-Lys(€XR)(71.9nig)ODMF (iml) j^SStC, ^^^il 
T N,N'-v?:5<.^5' W ^ >^/W;^7-Jj^^^- h (lO. 2ing)S.U5 4-v>V^/ur ^ / t*y v^^' 

(4. 9mg) * Aax.^?ar* 2 eSraSiS SfSSiSSr 5- (e-'-T ^ J -V-^^ v'^ 

/U)-3' -7=':^:3r'>v'^v^^^--5*-hy'1^^>' (lOMmol) ^^t^DMF~7k?^ 

^jffii^'J 3 

FAM XtJ« R6G-:^!a 3' -x:^^v'Txy h y tM^^^^^i- h (FAM, R6G-gl 
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m.r -dATP) iit^mi 2) 

^fi)ce''j3T'^yc FAM-(Pro)8-Lys(£ R6G)(55. lmg)(^DMF (iml) MM^i^. 
iiST N, rr-v^^ ^ W ^ v?yW;«7-7t?^^- h (8. 2mg) RXJ^ ^/^T ^ 7 f ^ 

FmRx/mo-mv^3' 'f':t^iy^'ryi^>^-o-hVt^^y=^-h (fam. ruo- 

isia3' -dGTP) (it^mi 3) (o^^K 

^iS^'J 4 T't^l^c FAM-(Pro)8-Lys(£ RllO) (52.4iiig)(^DMF (Iml) i^m^. 

V(3. 9mg) =§:;(JB^S?aT*2 0#rp1R/t ^-t^Tito S-Ce'-T ^ /-r-^^v^ 




(10) 
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(1 1) 



(12) 



(13) 



%m5 
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:kES$r^±i:-r'5 T7 yr-i^lt. ^.TcoXv^^f^MLfz, C600 ?r LB 
JfJffi (Bacto tryptone lOg, Bacto yeast extract 5g» NaCl 5g ^ 1 y 
\mf}^L. pH l.o\zmmLtz(Dh. i—y\^XmmLtim^) 200mll;:fil 

mU S{*Ja*^SOD (eOOnm) =1. 0 tc:^Lfc0##.T% 0fi@^«j^) 2 T'SSfeS-^. 

NaCl U-V^y 6000 ^■^n€i^ft^^iSS. 0.5M, RXI 

roa®5ria^L4ss<^"e||4^). SMlISJ^iS (10 mM Tris-HCl, pH 7.5, 10 mM MgSO,, 50 
mMNaCl, 0.01% gelatin) {LXmMLtio Z(D V r- v^COSffiffS^. iSfelCliS'L^ 
tl-T^I-fi® Lfc^^*C0j%/^6 CsCl mm±. (rm^^h. CsCl SS^i^ 1.267g/ml. 
0.817g/ml, 0.705g/nil i;ifflSL. 22, OOOrpm T' 2 0#ft1. j&'bir^Zt 

(lOmM Tris-HCl, pH 7.5, ImM EDTA) -CitW L . CsCl /sJc^J-^rl^^ Lfec E 

7-i^(D^y A DNA 4:mSJ Lfco 

T7 RNA pi y-ifmB^\t::(0^/ DNA. 39. 937 JSS>(t<^rt. 3171 5822 
#@i;:3-K$tiTV>5[T7y/juag^-co^mSB2?'Jlcov^T»i. Dunn bl^X^ 

xm^n^^tixv^^am. j. moi. biol, lee (4): 477-535) „ {s.t> ^^(t^it 

IE;6Sfc5 (GeneBank. accession No. V01148 J02518 X00411 <0 T7 ^r-i^DNASE 

^iJ#fiS)]o r<JO>^Vi^DNA^eiSi:LTPCRSr?iJfflLTit*it. y.T<^J: piclim 
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mmtL^'tti'^^ti'S^. T7 RNA &&'F(DnM^T^/mm^±-^i^^ 

1#l^6^^<^^7-<-^-(T7Rpol-N 5' -ATA TTT TAG CCA TGC AGO ATT GAT ATA TGA ACA 
CGA TTA ACA TCG CTA AG -3' ). RtJ^ C M^T ^ J mmmrm^^^^^^J^'^y^ 
-r^ ( T7Rpol-C 5' -ATA TTT TAG CCA TGG TAT AGT GAG TCG TAT TGA TTT GCG -3* ) 

fi^hm^^L. Gene?ureKit(=^'y:iii>i^-l^) ^m^^XmMLfZo Nco I 

X-mitLfSLVymtLfzm^^^^- pTrc99a (7 r/^-^v'T -/^^r^i-XiJ^) ^ii 
i^'ri>:itX T7RNA;lty ;^^-if ^mm^-t^ pT7R^|g^LfCo iF:^MT7RNA 
Tt^V :^ y—^^^^ir^:fy :^ ^ K pT7R M^M DHoa dJgMlsJ^t. tait*^ 

'^ry\i'iy'j>Mm^7r^'t±mm^. mmL. ^mm^i^ iptg ^mmL. 

®&ls]»IXL. SDS-yf-'jT^y y/v-r^ Ky;ul:M«<^{-«^ ^S¥WLfcir 

T7 RNA if<^5JT-H:"CfoS 99kDa {^-iSiw, IPTG ^mwLfc^O^ 

^eKc?^''^:^ b*30^4tai^*^fCor<^g&K^i:{->Zawadzki, V Jb.l99l, Nucl. Acids 

Res., 19:1948 icgEi-ta«^$i^^:^^5:^^fe^^-^f!5&g: Lfcir?i (l¥ 

7 "C^^jItj^^HT 1/^6^115! T7 RNA j}^ y ^ coWSSfe 1 15 1 A/ifP C:*^-^ 
ff 5ri:;55ai5t5;5) T*«SS tyhir r 5, T7 ':fti^^^^!^^m^imir^ RNA ;K 

^S®T7 RNAjJ^y Vomm 

(l)'^SS T7 RNA F644Y S:itM-r^fci6CD|lS.:7^7^ ^ KOtS^ 
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(0 3 #98) 

if^MT? RNA /-Kli^^-if iieT-tOtfALTfeS pT7R fe^^Mi-LT. T7 RNA 
ilg^(7>C*5S«|{Cfia-rSS'IPgBl* Hpa I . Nco I \m 

F646Y(+) (5* -GTT GAC GGA AGC CGT ACT CTT TGG AC-3' ) . F646Y(-) (5' -GTC 
CAA AGA GTA CGG CTT CCG TCA AC-3' ) titli'i:i<DmfmMmWi^{t^ 5' *^sg 
dKfO T7RNAP-HpaI-N (o -CGC GCG GTT AAC TTG CTT CCT AG-3' ) . 

pTrc99a-PstI-C (5'-GCA TGC CTG CAG GTC GAC TCT AG-3* )^ffil/^T PCR 
^^ti^*ti(0 DNA yy^;^yh^^^Ltz, znb<D DNA y y ;^ y h {at^^ 

(Dmx^tifz dnA yy^^^yh^imLtco :i(o mA yyV:^yV^riSu-ys 
¥)\^%M:ikM'^^'0 . "^^(oi^^^of^ DNA yy^)^yh(D^^my)lh-t:ikXtn 

i^L. rH&iSMt LXy^y^-r— T7RNAP-HpaI-N t pTrc99a-PstI-C SrfflV^TS 

miL. mmmm Hpa i , Pst i xmmLtio dna \i^i%ris^-:^nM,u 

m^'a\'\'Mt\^tz\k. i&^]^DNA:7 7i/^^H^§G«9£UL.ttJiL/Ce ^(O DNA :7 
y^^yY^ pT.7R (7) Hpa I . Pst I DNA y y ^ ;^ y V tW^t^^^^tX^m 
i:mxu i^^n DH5alJ:?FJK$SiftL. ^^(OViX^Miyyy^^ KSrStRt. 

SrmSLfCc LT. '^^M T7 RNA p« 7--if F644Y ^^m'thfzt^(Dm:f 
yTsx KpT7RF644Y4:mfco:^<^:/7;^^ M^?>c^'SSS!T7 RNA ^' y ;^ 7--^>644Y 
cOitSl^, ifiS T7 RNA ifi^) :^ y-^<o±mtn^. ^':fy:^% KS:'&t?:*cBiS 
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(2)'SSMT7 Km^]) ^ ^-ir L665P/F677Y ^±Mirbtii^(D^^-:fy:^^ 

3C^MT7 RNA ^ L665P/F667Y (Ommt. 5fe<^ F644Y (Dmmmm. PCR 

^t-f . if T7 RNA yr^V --tf - pT7R T7 RNA ;K 

!J^7-ifite^Si«l^l^. ^^^A)if^^^^l--t'5fca^Si]Eg?^ Xhol (ac 
GAG)<lr?gAL^Co Mi-Af$Wl-ai-^^<^:7'7^-r-ApaFl (5' -CAT CTG GTC GCA TTG 
GGT CAC-3' )tzfy^'7- Xho-R (5' -CCA AGT GTT CTC GAG TGG AGA-3* )<7:>m^^ 
^t>itX\ tfz. Xho-F (5*-CTA AGT aC CAC TCG AGA ACA GG-3' )t:fy4 
-e- Aflll-R (5' -GAG CCA GCA GCT TAG CAG CAG-3* )(^m^^t?^"C\ ^^iSM 

t LX^^'-<^ ^- pT7R ^fflv^T. PCR ^trofco JitsLfcmr#«^) dna yy^?^ 

V Mil^iJRBSI^ Apal i: Xhol T\m#C0iitsLfcDNA y hll^'JPggl^ Aflll 

<h Xhol V^tl^tlRlt^L. $ ?>{C^a-<i5^ i?'- pT7R ^^S^) Apal t Aflll T*^5iLS 
LT, ^TS: T4 DNA 7>f y-:^^fflV^T^S^$ii:/co rcOjSjt^«l^:^^BiiS DH5a 

^(7)3 n ::i-^V^< L.ig«> ^^^^ ^ K DNA (TP^iltii^tTV^.T? RNA 

7f.v ^ y-'^mB^F-m^^i^Mmmm xhoi gpe^^itttT.fcrT'v k pT7R-xho ^ 

yy^^h' pT7R-Xho ^ilSt LT. y'y^'^- Xho-R t r^-Y 667R (5* -GCT GAG 
TGT ACA TCG GAC CCT-3' ) COjI^^iP^ ty^y^-r- 667F (5' -GCT GAG TGT ACA TCG 
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GAC Ca-3' ) <!r:Z7-Y-r- AflllR <^m^^t)^-e#^ pgr ^JtofCo PGR M 

Gene Pure Kit ^rfflV^T. ^(^ DNA 7 7 > hSrmSSL^Co r CD^SI tJ^c 2 0C^ 
DNA^^l^L. i#l}i:Lxy^-r-e~XhoFSU<AflIIR^fflV^TPCR^^T^\ 

Lfc dmyy^?^>v immm^-^ y t'^-^r. DNA &&m\i(Dmm^^ ^n^<oy 
y^;^yhx*hhzt^mimMmmmxhoi t Ann ^m\^^xmm^iz^^n\^\ 

::ii^?'i^SiJPHg|^Xhol joJ:t/Aflll T'^^L:/;:::?'^;^ ^ K pT7R-Xho ic T4 DNA y 

ht^^ DNA ffigid^JjC9*^^tTV\ g?^6^i^g«JJD^SS T7 RNA y ^ 

L665P/F644Y Sr^Sf SfcftK^)^!!.:/^:^ ^ K pT7RL665P/F667Y ^«l5Lfc 
(lil 5 w<Z):/7;^ ^: K;6^f>(D'^^MSi T7 RNA y ^-if L665P/F667Y 

m\±. ifdfeM T7 RNA ^y-^<o^m}inm. i^-fyy^^ Y-^^t^-kmm^^ 

T7 RNA ifs y ;^ 7— tf 
;fefliS;wJSALfc^SMT7 RNA 5}<y ;^7-if5fiK4rSKLfCo 
i^. *:ll6KcOlfitM(^OV^XJlgEl:: Chamberlin, M et al. Nature. 228:227- 
231(1970), Davanloo et ah . Proc.Natl. Acad. Sci.USA. , 81:2035-2039(1984) 
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i::iE®^tiTl/^Se $^e>lC:i^fi^MI-BltTfi. Zawadzki, V et al. , Nucl. Acids 
Res., 19:1948(1991) i^fBS^^tLTl^^o 

^SM T7 RNA 7f^v^y-if\tm^m^±xmc:f3mvmmx^^6. ^^mi<^^A 

SIT. 'SSM T7 RNA >Ky ^ F644Y (OmMm^&m^^o F644Y (D^^^^ 

PT7RF644Y DH5aiC»A. StiWT >-5r$/ufc LB 

5fe-r. Kl^i^i##l-T 0D{600nm) =0.4-0.6 {Z,fj:ofzt^. ^yT^ntVWjS 
'^iriSy^ ht'^/e^K (I PTG) Sr^SS* 0,4ni\1 {Cfs:^ ^ 0^%^^. '^\^ 8 

^L<{io~5\:icT^ife-t-Se rcT^ir #g<$ttfi<D lo f^ojirffl 

(20mM Tris-HCl, pH 8.1, 130 mM NaCl, 2ttAi EDTANa2 at 25=C) 'CrSfeV>, S 
0'^ii'^:»gt (5, OOOxg. 4t:{::T 10:»rBl) L. lO jgg^Dyn^r-i/a >'IIjil?K [50mM 
Tris-HCl, pH 8. 1, 100 mM NaCl, 0. 1 nAl EDTANa2, 5 mM i^^;^-;^ U-C h— /^(DTT). 
0.1 mM -^^/if 5:v^:/, aO/ig/ml 7i::i/U^^;W:^;^3}^r^/^77^::MJ K(PMSF). 10 

/ig/mi. ^<i/Vy^^y^ ic^SU. yriy^r^i'- 450 (•:/^:/y>^|±) 
sow, i5^P^1^^i6*3;S*:m^ffi<*=&te^. tej^^rfgr^^-tirSo i^v^T. i2.000xg. 
4'CICT 10 5JFBlifi^L^iJ^BIt.iWl9aiS5£S:l^i/^fCottbtLfc^^^ 10% 
«iegg;^M-:/h-7^v'^^S:t?>o< '9i:}BTL. jfi*-«jS 2.0%i:tfcm. Ml- 30 t» 
rp1}lLl*«ricitfCc 12,000xgo 4^iCT 10 ^a-Blii'L^^j^SIL. it^Srl^^L. 
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i:mwuj:i>^hmmL. nxfttm^m^^^ (3o-6o%«^«:S). ^\^±mi:9o% 

yM&I^M (20 laM KPO,, pH7.7, 100 mW NaCl, ImM DTT, 30/ig/ml PMSF) dfjv^ 
L. mCtmM 500ml (ciT, 16 BtPslStfr flttfitfCo wCOgtff^fJ^. 
fS 5ml o-^/^li v-ir7r c^--^ (:7r/^-^v'T • /<-<:^7":^) {::{i-;^Di"5o 

itU. 1oyJ^mk<0'i^^ 40 {^C0{$IS<Z)fH]-|I{ini54't?5 O. IM-O. 64M NaCl CDSE^ 

^ y /wr ^ v¥f\^mmm^rf\^\ msk^^^wl. t? rna u 

0.4M o NaCl ^i■J^tca^^fc$i^Sll-fT'$>5o ro^SK^-g-tf^j^iS^^fe. ^ 

1 y 7 (20 mM KPO^, pH7. 7, 100 mM NaCl. liaM DTT, 30/igM 

PMSF)iwWLTl6B#PflSWL. flJi:S«fef^Srtf<>fro r<7)®tff»iietfc5^i®4r. I^S 
ffifST'^i^^igibL/c 5ml C0;^7vi^{ffS<^ Q-tr y^r n-;5^(Q-sepharose, yy^^' 
^e/T •/<^:^X^)t;:mOL. |Bl«g»rf|jT, 280nm co^WAUxW^^l^tB 
^^<^.^'5*T?5fe#L. 40 {$(^ft:a<D(B]-^I®?^q^(7) 0.1M~0.64 

M NaCl owm^nuxmrnir^, mmm. igsssr^^wt-^JMUTrnfe. 
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mx*\t 0.24M CO NaCl f^iaiC^V ix5 "CfoSo ^ (^^SSK^^a ti^^i^i®^ 
500ml (^)(^?¥ffl*S®fffi (50% glycerol. 20 mM KPO,, pH7. 7, 100 mM NaCl, ImM 
DTT, aO/ig/ml PMSF) {ZMLX 16 B^r^liStfr L. ^ffl^T'-20°C(;:T«:<?-r 5o ^ 

O^^T^i. T7 V^mmt LTfflV^. if^ST7 RiNA Ji< 

^J*SJS^m\ 'g')*L/c:RNA&r;^f^-7;Srl«c»^i-S^^wJ:^9, :Jo:^\t't<^;^ 

v^±(D^ot^:T.m^^t^fcmmmx. i y^/^-£oit#?g;5^ ^2.500,000^^60 

'^SM T7 RNA ;K y p« V — if F644Y M S K^^lf ^5 $ CI t^tlp^n <b if RNase 

RNase m\±(Di^K(Dfj:\^^mm^'^^-:^y T ^—^(omm 

RNase C0^giAC7)/^V>, Mm^'^ ^-^^ 7 i^ -if (PPase) J^l^TcD J: ^) (C*gS5{ U 
(v-^-r I-I643, EC. 3. 6. 1. l) , 4mg (680 mt) SrHSrSS (20niM Tris-HCl, 1 nM EDTA, 

pH7.9) 1ml de-^sL. mmmmznLX2mmm^L. KSfti^^mv z(Dm 
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^i&^:^y^{^^M Iml <D SP Sepharose :^yJ^i^xn-^ h^'yJ^ {yy^^-^i^T - ^< 

mtmm^m^^^x o-o. im o Naci ncms^^^Bax^iSffl-rsc 

32kDa ^OgeW4^^t^®^5^*^^^LfCo *M&5?ifi^'JT**i> PPase ®'A\t. ^^MM^ 
^>{-Ev^f£$tL>5^1-rT-fe5o rtT)^^^^^?:?^^!!^^*!). :^y-^t$^ iml t?5 

Q-Sepharose (^r/^'^v'T • >^W^'r ^^iJ^) iceSl^^-ti:. :t! y M.t^f^<D^^ 20 i^<D 

muomii^w^'pi^^^x o-i.om o Naci jaj^ffi^^iaT-itaj-t^c ^ffiriSi*. 

i^^g*^ 32kDa (7)geS^^tfia»^^]etfc. mm^^mXit. 0.35MCO NaCl 
Mia{-H,t^/c$tb'5li"rT*fc5o ^9-^1: 32kDa (Dm&M^^ts^'Am^Mib. 500ml 
c^»#«gSf?S (20niM Tris-HCl. ImM EDTA, 50% glycer ol, pH7. 9) |;:»LT16 0# 
PelStfrL. mmt.X-20X:\CX^^ir^a ^m^^i^mXlt. 62.5%T' PPase 

ges 425 mtL. 0. 425 mt/ ti 1 (om&in^ ztr^mM^o 

:i<DmmV RNase ^Ai^^V^^, rRNA(16S ^ 23S)8/ig ?rSS^ LXM 

f6Lfc„ ftfl^Wt-li. rRNA Sr 8aM MgClj, 2mM spermidine- (HCl) 3, 5m M DTT. 

40mM Tris/HCi pH 8. 0 OlSSriS* T\ PPase. 0. 17 WiffiS^^^Px., 37t:, 4 0#r«T 
RfS^iirySio RNA i:^>/i^J^r^ K;i)S#fiE-rsM4^frT<^ 1.0%T;^p— 

1/3 \zmLtit^{^mbi±^> 254nm) SrSglttT. ¥S«IJSrff 

RNA(0:»fi?g^V^^1^^Lyc:o a*SiJp°pil*S:imf^ PPase ^rttilSL 
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S^^S® T7 RNA tK y 7« V-if F644Y ^ffll/^fc-^ >^ • h n^c^f S/J^T'p-^fCo 
i/-i7 3:^i^v':^^SJCl^. Melton, D. A. (1984, Nucleic Acids Res. , 12: 7035-7056) 

•rS>^y:?^^ K^^!^-pBluescriptKS(+) h ^ i^' v^- Vtt) ^> ©IPSSI^ PvuII 

•fu^)i^:?^^-^-^^irh'^-<^-'^^--'^'-^^^^f^c 4mMFam 

^t/ R6G-tlS£ 3' -dATP. 4/iM FAM Rl>' RllO-lfia 3' -dGTP, 80 /xM FAM MJ^ XR- 
tl^ 3 ' -dCTP RXI 20 M M FAM RXI TMR-tSIl 3' -dUTP. 500 n M GTP, ITP 250 
/iMATP, CTP. SmMMgClj, 2mM spermidine- (HCl) 3. SniM DTT. 40niM Tris/HCl pH 8. 0 
(BRL, :¥y='a:)<^*<tTtc:. 'S^ST7 RNA .i^y / 7— F644Y(25U). 

(7)fflt^ge;'n7h;;^>^r^— ^( 0.045U)«:J!ra;tT. -^ItRS^f^lg lO/xl t LT, 37t: 

4/iMR6G-4x-3' dATP, 4/iMR110-4x-3' dGTP. 80/i MXR-4x-3' dCTP. 20/i MBm-4x-3' 
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dUTP), 500 mM GTP, UTP RU 250 mM ATP, aP. 8mM MgCl^ . 2niM 

spermidine-(HCl)3. SniM DH, 40mM Tris/ HCl pH 8.0 (BRL. ^^^tt) <^*i4^T 
RNA^i;p<7— ^'F644Y(25U). SlSS^cO^^t'n 7t^;^7 7 ^"-fe? 

(0.05U)S:*P^T. -S^fhSfSfl^^ lOizl t LT. |5li:< 37t:T-B*Pp1SJt>4rtTofro 

•y^;?; G-50 ^yJ^iyr/^-^i^r • /<-Y:t7"l5^l^)*fflv^fc>5^/l-igi§^fciwJ: 961^ 

:iOltJS$-ti:fc5j^;ig34r ABI ?± (Perkin Elmer Corporation, Applied Biosystems 
Division) CO ABI PRISM 377 DNA Sequencing System ® «9 12^1/ ^IftP^S Ver. 1. 0 (d^S 
V^, itsji^M^r^ K/EDTA/Blue dextrane loading buffer 6|il lCjgfl?L> •^rCJO?)^ 
2/i 1 6M ^*/4%t3>r/l^^^v^i'— TM T:^^ U^UT ^ KJ^fK (BIC tt) ^"^tfC^ 
-^^L^-y^^j^tffffl^tt^^/^Srffl^V ABI 377 DNA Sequencer RUmViy^^^y^ 
(Sequencing Analysis Ver.3.0) tCj: «?WL/Co 

^<ol^^^ 3^:^^/\^^-hyi^^yr-^-^^--^-'^^^^ti^'^^ ^^>-^^> 

(7)3$jS;i5iSV^rt;d>^lje^ t. ytwUJ^T ^ }^/EDU /Blue dextrane loading 
buffer irfflVN-CRlSI^Sr^lRL. ^(Ooh 2fil tr^cSliLfco ^<D'}^^. 10 im 
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T7 RNA ;^ 7-— fe' F644Y 0:>iXt> ^ i-^HM T7 RNA 

L665P/F667Y t:m\i^xi^-^ :^y'^y^i:rT<>fzm^i^. ±mtmm(Di^'^r^nb 

±l2T-ffiV^yhR6G-4x-3' dATP (14), R110-4x-3* dGTP(l5)> XR-4x-3' dCTP (16) 
&i;?TMR-4x-3* dUTP (17)0{bi^tS3i^^J^Ti-7i^-ro 




(14) 



(15) 



OH 
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